Li7 nuclear spin-lattice relaxation rates (R1) versus the temperature at several resonance frequencies (4 to 40 MHz) are reported together with the conductivity measurements, σ(ω), in the range 1 Hz to 3.76 MHz on 0.56Li2S+0.44Si2S, a glassy fast-ionic conductor. Both R1 and σ(ω) are fitted consistently over the whole temperature and frequency range by using a stretched-exponential, i.e., exp(-t/τ*c)β for the corresponding correlation functions (CF). Formulas that relate R1(ω) and σ(ω) and that give the asymptotic behavior as functions of T and ω of both quantities are tested experimentally. We find significant differences between βσrelated to σ(ω) and βR related to R1, which implies a difference in the corresponding correlation functions of the ionic diffusional motion. An apparent order-of-magnitude difference in τ*0 attempt times was derived from these conductivity and NMR measurements. The implications of these findings are discussed in terms of the microscopic mechanisms which lead to fluctuations and relaxation in fast-ionic conductors. R&(co) and cr(co) and that give the asymptotic behavior as functions of T and co of both quantities are tested experimentally. We find significant differences between P related to o(cu) and Ps related to R "which implies a difference in the corresponding correlation functions of the ionic diffusional motion. An apparent order-of-magnitude difference in Tp attempt times was derived from these conductivity and NMR measurements. The implications of these findings are discussed in terms of the microscopic mechanisms which lead to fluctuations and relaxation in fast-ionic conductors.
I. INTRODUCTION Th«ransport properties of fast-ion conductors (FlC) depend largely upon the hopping dynamics of ionic charge carriers. Although the motion of ionic charge carriers has been examined using many different techniques, the two techniques most widely used are NMR (Refs. l and 2) and conductivity measurements.
The NMR spin-lattice relaxation rate (NSLR) R, is related to the spectral density of the position-position correlation function (CF) and thus probes the local charge-density fluctuations.
The frequency-dependent conductivity, on the other hand, measures the macroscopic relaxation properties of the electric field and thus probes the dissipation due to the long-range diffusion of the charges. Table I ). All lines in parts (a) aud (b) are theoretical fit curves from Eqs. (1) and (9) (7) and (8) (Table I ). Equation (7) The deviation of the NMR data from the curve of best fit [see Fig. 3(a) ] could to be due to an additional frequency-independent contribution to relaxation. The discrepancy becomes important only at low temperature and for high frequency. Analogous effects in Li relaxation have been reported in other Li-based superionic glasses. ' ' It is possible the additional contribution is due to a two-phonon Raman process involving lowfrequency phonon modes or local disorder modes. Such a contribution would add a BT term at temperatures below room temperature. The damping of the phonons due to Li diffusional motion should drastically reduce this contribution at high temperature. ' One should mention, however, the deviation of the experimental data from the theoretical fitting curves at low temperature and high frequency [ Fig. 3(a) ] could also indicate a shortcoming in the description of the CF in terms of a stretched exponential.
The deviation of cr(co) from the theoretical curve at low temperature and high frequency is ascribed to the known failure of the KWW function at high frequency. ' To date there has not been a satisfactory explanation for this failure. It is not clear whether the function simply can not fit the data or whether there is an "extra" relaxation at high frequencies that contributes to M"(cu) keeping M "(co) from going to zero as co~ao. In general, the more non-Debye like the conductivity, i.e. , the more P deviates from unity, the greater the high ' ' but not in cases
where the behavior could be tested over wide ranges of ' ' In particular, the semiphenomenologica1 coupling model predicts a cross-over tine t, =co, ', which separates an initial fast exponential decay of the CF driven by "single particle" dynamics from a slower decay at longer times described by the stretched exponential and related to cooperative effects. In the jump relaxation model, ' 
